Brown rice is the unmilled rice with pericarp, the seed coat and nucellus, the germ or the embryo, and the endosperm. It is whole grain rice with intact bran layer and the inedible outer hull removed. Although it has several health claims, it is mostly consumed by a limited number of health conscious and nutritionally aware people. In this paper, we discuss the physiochemical properties of brown rice along with its health benefits, including certain cancers.
Introduction
Rice is the staple food of about half of the world population supplying more than 21% of total calorie requirement for those people and about 76% of South East Asians (Fitzgerald et al., 2009; Shinde et al., 2014) . In Thailand, rice provides about 41% of total daily energy intake (FAOSTAT, 2015) . Food consumption patterns from the Malaysian adult nutrition survey revealed that cooked rice was consumed by 97% of the population twice daily (Norimah et al., 2008) .
Malnutrition and chronic diseases are widespread in most of the developing countries where white rice is the main staple food (Dipti et al., 2012) while many researchers have reported that brown rice contained the essential nutrients like iron, zinc, thiamine, niacin, vitamin E, dietary fiber, protein and carbohydrate (Pascual et al., 2013; Sabularse et al., 1991) . Furthermore, bioactive constituents such as γ-oryzanols, tocotrienols, polyphenols have also been identified from brown rice (Leardkamolkarn et al., 2011) . In addition, some varieties of brown rice were found to be low in glycemic index (GI) (Brand-Miller et al., 1992; Jenkins et al., 1981) and evidences have shown that low glycemic index (GI) food has many health benefits such as control type II diabetes (Greenwood et al., 2013) , prevent coronary heart diseases (Hallfrisch et al., 2003; Mirrahimi et al., 2014) , obesity and cancers (Nagle et al., 2013; Romieu et al., 2012) . However, GI of rice were reported to be affected by various factors like variety, geography, method of processing conditions (Brand-Miller et al., 1992) , nature of the starch, cooking method, presence of fiber, and other nutrients content such as fat and protein (Wolever and Mehling, 2002) . Hence, brown rice has potential to reduce the prevalence of malnutrition and chronic disease (Anderson et al., 2009; Dipti et al., 2012) . In Nepal, rice is the most important and prestigious food crop and is grown as high as 3,050 m above the sea level (NARC, 2016) . It is grown over 1.4 million ha, with the productivity of 2.56 t/ha. It contributes nearly 20 % to the agricultural GDP and provides more than 50% of the total calorie requirement of the Nepalese people (NARC, 2016) . Several varieties of white rice have been developed in the country, however, only a very few are available as commercial brown rice in the stores. In this article, we discuss the nutritional composition of brown rice and losses during milling and the health benefits of brown rice over milled rice.
Brown Rice
Brown rice is whole grain rice with intact bran layer and the inedible outer hull removed. It is the unmilled rice containing the pericarp, the seed coat and nucellus, the germ or embryo, and the endosperm (Ajimilah & Rosniyana, 1995) . The dark color of brown rice is due to the bran layer and is rich in vitamins like thiamine, niacin, pyridoxine, and minerals like manganese, phosphorus, and iron (Babu et al., 2009) . Although brown rice contains several vitamins and minerals, it is only consumed by a limited number of health conscious and nutritionally aware people (Roy et al., 2008) , probably due to its longer cooking time, instability during storage, strong bran flavor, and undesirable texture. Mostly, the brown rice production in Nepal is done locally in the villages using traditional equipment called dhiki, a special de-husking instrument made generally of wood. After threshing, paddy is dehulled using dhiki, generally operated by one or two persons using foot (Figure 2 ). In Nepal, the commercial brown rice production has started in one industry with a total production of less than 50 M ton (Personal Communication, September 11, 2016 ), compared to a total import of more than 3000 M ton from India in 2015 (UNSD, 2016) . Commercially, brown rice is obtained after the de-husked grains are graded, color-sorted, and damaged or broken grains removed from the mixture. This results in considerable loss resulting in only around 65-70% recovery of the total paddy (Personal Communication, September 11, 2016) . However, the recovery of brown rice depends on the quality and variety of paddy used. The brown rice recovery ranged from 78.6 % in Mithila variety compared to 82.6% in Radha 4 variety (NARC, 2015) . Further detailed investigations are required to obtain the production and consumption data of brown rice in Nepal.
Nutritional composition of Brown rice
The dehulling of paddy results in brown rice with least damage to its nutritional quality; but further milling and polishing to obtain white rice results in significant losses of vital nutrients (Table 1) . The major key nutrient of brown rice such as fiber, antioxidants, phytoestrogens, minerals and vitamins are concentrated in bran layer which is removed during the milling process to improve the hardness and chewiness (Das et al. 2008; Wang et al., 2013) (Fig. 1) . Rice bran constitutes 10% of total rice grain and contains the major part of nutrients and antioxidative components such as vitamin E (tocopherols and tocotrienols), phytosterols, phytic acid, phenols, γ-oryzanols and tricin (Leardkamolkarn et al., 2011) . Nutritional studies have identified dietary fiber, bran oil, unsaponifiable matter, sterols and protein as rice bran's healthful components (Slavin, 2004) . Composition of the whole grain rice is almost similar to the whole cereal grains though it contains some unique components in unique amount (Dipti et al., 2012) . Milling of brown rice causes minimum loss of protein and carbohydrate, but significant losses (in the range of 60 -90%) of other components like fiber, lipids, minerals, B-vitamins (USDA, 2014). Brown rice, generally, contains fiber three times more than white rice (Parengam et al., 2012) . The insoluble dietary fiber enhances the weight of stool, prevents carcinogens actions in intestinal mucosa, easy emptying of faeces and supports normal colonic microfloral growth to produce beneficial components such as short chain fatty acids (Willet et al., 1992; Daou and Zhang, 2014) . The dietary fibers also have potentials to reduce serum cholesterol, low density lipoprotein and blood pressure, and to improve glycaemia and insulin sensitivity (Glore et al., 1994; Thebaudin et al., 1997; Anderson et al., 2009; Yanai et al; 2014) . The B-vitamins present in the brown rice may play a significant role in preventing diseases associated with vitamin deficiencies. The deficiency of thiamine causes beriberi, with symptoms of weakness, loss of sensation in the legs and cardiac failures (Adamolekun, 2010) . Several consequences of thiamine deficiencies have been seen in different countries, including Nepal (WHO, 2007) . Certain varieties of brown rice has been reported to contain more than 0.5 mg/100 g thiamine (McKevith, 2004; . Similarly, niacin is considered important for its role as nicotinamide adenine phosphate (NAD), and important prosthetic group of several types of enzymes (Batifoulier et al., 2006) . Among grains and legumes, brown rice is considered good source of niacin which contains up to 5.54 mg/100 g (Lebiedzinska and Szefer, 2006) ( Table 2 ). The mineral content of brown rice have varying amount of iron (Fe), phosphorus (P), magnesium (Mg), Potassium (K), zinc (Zn), and copper (Cu) ( Table 2) . Polished rice diets with low amount of trace minerals are thought to be reasons for anemia and Zn deficiencies disorders in certain population (Dipti et al., 2012) . WHO estimates that more than 30% of the world population are anemic, mainly due to Fe deficiency (WHO, 2015) . Brown rice contains the highest amount of Fe compared to husk, chaff and raw polished rice (Meng et al., 2005) . However, it should be noted that certain anti-nutritional factors like phytate present in the brown rice may reduce the bioavailability of bivalent minerals. Certain processing like soaking, germination and fermentation may reduce the phytic acid and increase the bioavailability of metals (Liang et al., 2008) . The rice protein is mainly found in protein bodies between starch granules, however, bran also contains considerable amount of protein (Juliano and Bechtel, 1985) . Furthermore, the rice protein quality has been better in comparison to wheat and corn protein quality (Cao et al., 2009) . The protein content of brown rice varies in the range of 4.3 -18.2%, and has higher amounts of lysine, and essential amino acid, in comparison to other cereals and milled rice . The major carbohydrate present in the brown rice is starch, which is a homopolymer of glucose forming an alpha-glucosidic chain, called glucosan or glucan. The two main constituents of starch are amylose and amylopectin. However, rice contains lower proportion of lipid than starch and protein. The lipid is concentrated in embryo or germ of the kernel and also in aleurone layer (Juliano, 1985) . The rice lipid is unique source of bioactive compounds like vitamin E, y-oryzanol (Lerma-Garcia et al., 2009; Yoshida et al., 2011) . 
Physico-chemical properties of brown rice
The physicochemical properties such as dimension and appearance are regarded as the important indicators of rice properties Shinde et al., 2014) . These indicators include kernel dimensions, and chemical properties like amylose content, gelatinization temperature, gel consistency, water uptake, solid loss of rice during hydration and sensory characteristics. All these indicators are considered while evaluating cooking quality of rice (Shinde et al., 2014) . Brown rice can be classified as long ( > 3.1 mm), medium (2.1 -3 mm) and short ( < 2 mm) (Aluko et al., 2004) . Similarly, brown rice with high amylose (25 -30%), intermediate (20 -25%), and low (10-20%) are also found. Generally, long grains with high amylose content becomes dry, flaky and separate after cooking; the shorter and medium grains with low amylose impart moist and firm after cooking (Deepa et al., 2010) . More is the gelatinization temperature ( > 80 o C), higher is the resistance to water uptake and starch gelatinization (Sabularse et al., 1991) . Rice with higher gelatinization temperature has longer cooking time than milled rice, however, higher cooking time of brown rice is considered due to slow water absorption because of the presence of thick and intact aleurone and pericarp (Rosniyana et al., 2006; . The cooking time of brown rice can be reduced through ultrasonic treatment, albeit, there is a loss in natural morphology of the rice bran (Cui et al., 2010) . 
Health benefits of brown rice
In some parts of the world, "to eat" literally means "to eat rice" (Babu et al., 2009) . This is probably due to accessibility of some variety of rice throughout the year, and the cultural practices of eating rice three times a day. Therefore, rice consumption has resulted in providing at least 50% of total calorie intake in these regions. The milling and polishing of brown rice to white rice results in significant losses of micro nutrients (Table 1) . The chemical composition of brown rice was significantly affected by the milling process (Rosniyana et al., 2006) . Therefore, brown rice and partially milled rice offer healthier benefits than milled rice. With high fiber content, brown rice can protect against several colonic disorders. High rice fiber intake causes changes in the microbial populations, in particular, significantly higher numbers of Bifidobacterium adolescentis and Enterococcus faecalis and significantly lower number so baceteroides, eubacteria, and clostridia (Benno et al., 1989) . Several types of antioxidant phenolic compounds have been isolated from brown rice and it has been reported that these compounds more abundant in brown than white rice (Tian et al., 2004) . Furthermore, it has been suggested that brown rice and bran contain compound such as tricin which could be associated with the putative cancer chemopreventive properties, and that these compounds are found in higher amounts in brown rice than white rice (Hudson et al., 2000) . Furthermore, a clear inverse association between wholegrain, like brown rice, intake and risk of ischemic heart disease death exists, which may be due to the presence of phytochemicals, including fiber and antioxidants (Jacobs Jr et al., 1998) . Moreover, epidemiological studies have indicated that individuals with higher levels of whole grain intake have a 29% lower risk for atherosclerotic cardiovascular disease (Anderson, 2003) . These diets tend to decrease serum LDL-cholesterol and triacylglycerol levels as well as blood pressure while increasing HDL-cholesterol levels (Anderson, 2003) . Substitution of whole grains, including brown rice, for white rice may lower risk of type 2 diabetes (Sun et al., 2010) . This could be attributed to the lower glycemic index (GI) of brown rice (66) than white rice (72) (Jenkins et al., 1981) . Low GI foods have been extensively studied and association for the reduction of urinary C-peptide excretion, improvement on glycemic control of diabetic, reduction of serum lipids, enhancement of HDL-cholesterol, reduction of risk of cardiovascular diseases as well as cancers have been found (Jenkins et al., 1981; Wolever & Mehling, 2002; Romieu et al., 2012; Greenwood et al., 2013) . Brown rice is a more health beneficial food for diabetics and hypoglycemic individuals since it releases less amount of glucose to the blood than compared to white rice (Panlasigui, et al., 2006) . Studies have suggested that modifying the type or rice consumed and choosing low GI snacks could have a major influence on the total meal glycaemic load of young children (Hui & Nelson, 2006) . 
Concluding Remarks
The nutritional composition of brown rice has several advantages of milled rice, primarily due to the presence of several phytochemicals like fiber, vitamins, minerals, monoand poly-unsaturated fatty acids, and antioxidant phytochemicals. However, significant amount of these constituents are lost during the milling or polishing process. The evidences suggest that brown rice has life style disease preventing potentialities, and therefore, it is highly recommended to substitute brown rice with milled rice in diets.
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